We present geochemical and age data for coeval basalt and rhyolite in the Yinshan Block, western North China Craton, to study the origin of the 'Daly Gap' in this bimodal volcanic suite. SHRIMP zircon U-Pb dating for felsic rocks and bulk rock 40 Combined with their more enriched Nd-Hf isotopic compositions (ε Nd (t) = −12 to −18, ε Hf (t) = −2 to −14), these rhyolites are inferred to have been generated by mixing of the mantle-derived basaltic magma with felsic melts derived from lower continental crust anataxis induced by the basaltic magma. Furthermore, the extremely low Ba, Sr, Eu contents, high Rb/Sr ratios and unexpectedly high 87 Sr/ 86 Sr (0.7920-0.7159) in these felsic samples also suggests that their parental magma experienced protracted fractional crystallization of plagioclase (K-feldspar to a lesser extent) en route to the surface. This rock association and the unique geochemical characteristics of these volcanic rocks offer a new view on the petrogenesis of bimodal volcanism: the mafic rocks originated from partial melting of the ancient lithospheric mantle. Underplating of the basaltic magmas triggered melting of lower continental crust. The extensive fractional crystallization of the hybridized magma resulted in the highly fractionated rhyolites. This mechanism explains the "Daly Gap" exhibited in this rock association in a continental setting and also the observation that both the lithospheric mantle and crust in East China are thinner than that in West China.
Introduction
As frequently reported, the compositional gap between the two endmembers of bimodal volcanic suites is known as the 'Daly Gap' (Chayes, 1963; Cann, 1968; Clague, 1978; Bonnefoi et al., 1995) . Bimodal volcanism occurs in many tectonic settings, including continental rifts (e.g., Mazzarini et al., 2004; Peccerillo et al., 2007) , within plate environments (e.g., Marzoli et al., 1999; Van Wagoner et al., 2002) , intraoceanic islands (e.g., Lacasse et al., 2007) , back arc rifts (e.g., Shinjo and Kato, 2000) , post-collisional extensional regimes (Aydin et al., 2014) , island arcs and continental arcs (e.g., Petrinovic et al., 2006; Zhang et al., 2011; Zhu et al., 2012) . Although such bimodal distribution of igneous rocks is common, the dearth of intermediate magmatic compositions in terms of SiO 2 remains a major conceptual issue in igneous petrology (Peccerillo et al., 2003; Ferla and Meli, 2006; Shellnutt et al., 2009; Shao et al., 2015; Liu et al., 2016) . However, Niu et al. (2013) considered that the 'Daly Gap' is not as puzzling as widely thought, but is a straightforward consequence of basaltic magma evolution or can be produced during crustal melting induced by mantlederived basaltic magmas.
Here we present a case study on the origin of the bimodal alkaline volcanic suite from the Yinshan Block, western North China Craton (NCC). The new data suggest that the basaltic magma was produced by partial melting of the lithospheric mantle, while the anatexis of the lower crust induced by the underplating of such basaltic magma produced the more felsic magma, whose protracted crystal fractionation led to the alkaline rhyolite in the Yinshan Block. This model well explains the petrogenesis of the bimodal volcanic suite from the Yinshan Block using the straightforward concept of basaltic magma generation and evolution as suggested by Niu et al. (2013) . This study also supports our previous proposal that the lithosphere thinning also occurred in the western NCC , and provides further insights into the destruction of the NCC.
Geological background and samples
The North China Craton (NCC) has been divided into the eastern and western blocks separated by the Trans-North China Orogen (TNCO; Zhao et al., 2005) (Fig. 1a) . It has been widely accepted that the ancient (∼2.5 Ga), thick (> 200 km) and cold (∼40 mW/m 2 ) lithospheric keel beneath the Eastern NCC (Fig. 1a) had been replaced by young, thin (< 80 km) and hot (> 60 mW/m 2 ) lithospheric mantle in the Mesozoic (Menzies et al., 1993; Griffin et al., 1998; Fan et al., 2000; Xu, 2001; Gao et al., 2002; Niu, 2005) , which explains why the lithosphere beneath eastern NCC is thinner than beneath the other cratons (e.g., Kaapvaal Craton and Zimbabwe Craton in South Africa, Slave Craton in North America and Siberia Craton; Carlson et al., 2005) . On the other hand, the crust in West China is also thicker than in East China (Gao et al., 1998a; Li and Mooney, 1998; Li et al., 2006a) , making a coupled relationship between the crust and the mantle lithosphere. However, this first-order observation has never been properly explained. Lower crust delamination beneath the NCC was once proposed as the mechanism to explain the above observation (Gao et al., 2002 (Gao et al., , 2004 . However, the widespread mantle xenoliths in Cenozoic alkaline basalts (e.g., Zheng et al., 2006; Tang et al., 2008) manifest the presence of the lithospheric mantle, excluding the possibility of lower crust foundering into the even denser asthenospheric mantle (Niu, 2014) . In fact, the answer to why the crust in West China is thicker than that in East China may hold promise for understanding the NCC destruction. While most people focused on the lithosphere thinning of the eastern block (e.g., Fan et al., 2001; Zhang et al., 2002 Zhang et al., , 2003 Liu et al., 2008; Gao et al., 1998a,b; Yang and Li, 2008) , the lithosphere evolution of the western NCC has been rarely discussed until recently .
The Mesozoic volcanic rocks in the western NCC are widespread, including localities such as the Erlian Basin (Chen et al., 2009 ), Siziwang Qi (Zhang et al., 2005; He et al., 2013; Guo et al., 2014) , Wuchuan and Guyang Basins (Xu et al., 2014) , Baoyintu Swell in Yinshan Block and Heishitougou in the Ordos basin (Zou et al., 2008) . These volcanic rocks, dominated by mafic-intermedium compositions with minor felsic volcanic assemblages, are considered as the byproducts of lithosphere thinning (e.g., Guo et al., 2014) . These Mesozoic volcanic rocks are usually interbedded with sandstones and conglomerates, and are divided into the Bainvyangpan Formation in the Baoyintu Swell, the Guyang Formation in the Guyang Basin and Wuchuan Basin, with varying thickness of 50-500 m and 1350-3910 m, respectively.
We collected fresh and representative samples from the Guyang Basin (Fig. 1b, c) and Baoyintu Swell (Fig. 1d) in the Yinshan Block. The samples include (1) massive basaltic or basaltic andesitic lava flows with vesicles and/or amygdales and (2) rhyolitic lavas with flow banding. The basaltic samples are mostly aphyric with minor plagioclase phenocrysts (< 3%). The groundmass, with intergranular texture, is made up of microlites of plagioclase, pyroxene, olivine and Fe-Ti oxides. The rhyolites are massive and fresh with porphyritic and fluidal structures. The phenocrysts are quartz (with corrosion/absorption features), K-feldspar and, to a lesser extent, plagioclase. The matrix is mainly cryptocrystalline. Table 1 summarizes sample details.
Analytical techniques

Geochronology
Zircon U-Pb dating. Zircon crystals from felsic rocks were separated using magnetic and heavy liquid methods. Selected zircon grains were mounted in epoxy resin, and then polished to expose their interiors. All the mounted zircon grains were examined petrographically under reflected and transmitted light, and imaged using Cathodoluminescence (CL) to reveal their internal structures. Zircon dating was done using the SHRIMP IIe ion microprobe at the Beijing SHRIMP Centre, Institute of Geology, Chinese Academy of Geological Sciences. The analytical procedure follows Williams (1998) . Mass resolution during the analytical sessions was ∼5000 (1% definition), and the intensity of the primary ion beam was ∼2 nA. Primary beam size was 25-30 μm, and each site was rastered for ∼210 s prior to analysis. U abundance was calibrated using the standard M257 (U = 840 ppm, Williams, 1998) and 206 Pb/ 238 U was calibrated using the standard TEMORA ( 206 Pb/ 238 U age = 417 Ma; Black et al., 2003) . Measured compositions were corrected for common Pb using nonradiogenic 204 Pb. The U − Pb zircon analyses are presented in Fig. 2 with complete data given in Table 2 . Bulk-rock 40 Ar/
39
Ar dating. Fresh basaltic samples were selected for dating. They were crushed into ∼1 mm size grains and washed in distilled water. About ∼10 such groundmass grains picked under a binocular microscope were irradiated for approximately 30 h at the reactor in the Institute for Nuclear Physics and Chemistry, China Academy of Engineering Physics, Mianyang, using the Chinese Standard Sample of ZBH2506 (biotite, 132.7 Ma) as a flux monitor. Following a decay period of 3 months after irradiation, samples were analyzed in China University of Geosciences (Wuhan) using Argus VI mass spectrometer following Qiu et al. (2015) . Argon gas was extracted from the samples by step heating using a MIR10 CO 2 continuing laser. The released gasses were purified by using 3 Zr/Al getter pumps operated for 5-8 min at room temperature and 400°C, respectively. The data were corrected for system blanks, mass discrimination, and interfering neutron reactions with Ca, Cl, and K. The 40 Ar/
Ar dating results were calculated using the ArArCALC software (Koppers, 2002) . The
40
Ar/ 39 Ar analytical data are presented as plateau age and isochron age plots ( Fig. 3 ) with complete data given in Table 3 .
Geochemistry
A total of 19 fresh samples (11 basalts and 8 rhyolites) were selected for geochemical analysis. Weathered surfaces, pen marks and saw marks on all samples were removed. Samples that have obvious phenocrysts were crushed into grains of ∼0.5-1.0 mm size to painstakingly remove phenocrysts under a binocular with the aim of obtaining melt compositions best represented by the fresh matrix. Aphyric samples without phenocrysts were directly reduced to ∼0.5-1.0 mm size grains. All these grains were then ultrasonically-cleaned with Milli-Q water and dried in a clean environment before complete dissolution and analysis.
Major element analysis was done using a Leeman Prodigy inductively coupled plasma-optical emission spectroscopy (ICP-OES) system in the Tianjin Institute of Geology and Mineral Resources. Whole rock trace elements were analyzed using Agilent-7900 inductively coupled plasma mass spectrometer (ICP-MS) in Institute of Oceanology, Chinese Academy of Sciences following Chen et al. (2017) . Fifty milligram of each sample was dissolved with an acid mix of Lefort aqua regia (1HCl: 3HNO 3 ) and HF in a high-pressure bomb for 15 h, and then re-dissolved with distilled 20% HNO 3 for 2 h till complete dissolution. International rock standard BCR-2 was used to monitor the analytical accuracy and precision. Analytical accuracy, as indicated by relative difference between measured and recommended values, is better than 5% for most elements. The analytical data are given in Table 4 .
Sr-Nd-Hf isotopic analysis was done on a Finnigan Neptune Plus MC-ICP-MS at Guangzhou Institute of Geochemistry, Chinese Academy of Sciences following Li et al. (2016b) . Our samples were dissolved in distilled HF + HNO 3 at 120°C for a week. Sr and Nd were separated using conventional ion exchange columns, and the Nd fractions were further separated by using HDEHP columns. Ar/ 39 Ar age data for 4 samples are shown in Fig. 3 . The obtained HQ14-01, HQ14-17 and GY14-39 plateaus contain the majority of the total 39 Ar released. For sample GY14-15, the obtained plateau (13 out of 18 heating steps) corresponds to 72% of the total 39 Ar released, which makes the obtained result also acceptable. The obtained results (Table 2 ) cover a range of ∼26 Myrs, varying between 107.30 ± 0.54 Ma (HQ14-17) and 133.13 ± 0.91 Ma (GY14-15). The plateau age and isochron age are identical within error. We interpret the plateau age spectrum to represent the eruption age of these basaltic rocks.
Geochemical data
The early Cretaceous volcanic rocks from the Yinshan Block define a compositional spectrum (SiO 2 = 47.16-75.87 wt%), with an apparent 'Daly Gap' (i.e., the paucity of SiO 2 = ∼60-64 wt%; Fig. 4 ), and plot in the fields of trachybasalt, basaltic trachyandesite, trachyandesite and rhyolite in the total alkalis vs. silica (TAS) diagram (Fig. 4) )). In contrast, the felsic volcanic rocks show higher SiO 2 (74.40-75.50 wt%), lower MgO (0.10-0.29 wt%) and Al 2 O 3 (12.00-13.89 wt%) (Fig. 4) . Note that one sample (GY14-35) has different major element composition, especially for K 2 O, Al 2 O 3 and CaO, which is explained as the result of post-magmatic alteration (e.g., carbonation).
In the Chondrite normalized rare earth element diagram, the mafic rocks are characterized by enrichment in light rare earth elements (LREEs) and depletion in heavy rare earth elements (HREEs), with high [La/Sm] N (2.74-3.73) and basically no Eu anomalies (Eu/ Eu * = 0.90-1.08) (Fig. 5a ). In primitive mantle normalized multi-element diagram (Fig. 5b) , the basalts display incompatible element highly enriched characters with more enrichment in the progressively more incompatible elements, suggesting the more enriched source materials than the primitive mantle. Note that these mafic rocks display no obvious Nb-Ta trough, a marked signature of Mesozoic basalts (> 110 Ma) from the eastern NCC , most probably because these samples have low Th-U concentrations (Fig. 5b) . The rhyolites have highly varied REEs ([La/Sm] N = 1.67-8.43) with significant negative Eu anomalies (Eu/Eu * = 0.01-0.55) (Fig. 5c ).
Fig. 5d shows these samples in the primitive mantle normalized multielement diagram. The extremely low content of Ba-Sr-Eu and P-Ti ( Fig. 5d ) is consistent with fractional crystallization of plagioclase, apatite and Ti-magnetite during magma ascent from the source region, while the trough at Nb-Ta ( Fig. 5d ) implies the involvement of continental crust materials in the origin of these rocks (see discussion below). The initial isotopic ratios of all samples are calculated to 126 Ma of representative sample in this study. The mafic rocks have initial 87 Sr/ 86 Sr ratios of 0.7054-0.7084. They also have variably low ε Nd (t) = −4.82 to −12.14 and ε Hf (t) = −1.73 to −12.73. All our basaltic samples plot in the region defined by the Mesozoic basalts from East China in both Sr-Nd and Nd-Hf isotope diagrams (Fig. 6 ). The rhyolites display more enriched Nd-Hf isotopic characters (ε Nd (t) = −11.98 to −17.31; ε Hf (t) = −13.19 to −18.71) when compared with the mafic ones ( Fig. 6b) , suggesting more enriched source materials. Interestingly, the rhyolites have unexpectedly high 87 Sr/ 86 Sr ratios, ranging from 0.7159 to 0.7920 (Table 5 and Fig. 7 ), and their Rb/Sr ratios are higher than those mafic ones by one or two orders of magnitude. Fig. 7 shows that the 87 Sr/ 86 Sr of the rhyolites correlate well with Rb/Sr, Sr and Eu/Eu * , indicating that all these parameters are controlled by a common process involving fractional crystallization of plagioclase and K-rich feldspars to a lesser extent. Note that the correlation between 87 Sr/ 86 Sr and Rb/Sr of the rhyolites gives an isochron age of 128 ± 27 Ma ( Fig. 7a) , consistent with our age data (see above).
Discussion
Early Cretaceous bimodal volcanism in the western NCC
Mesozoic volcanic rocks are widespread in the western NCC ( Fig. 1 ). They are dominantly basaltic rocks (Zhang et al., 2005; Zou et al., 2008; Chen et al., 2009; He et al., 2013; Guo et al., 2014) , with rhyolitic rocks rarely reported (Zhang, 2013 He et al., 2013) . All these basalt age data and the rhyolite zircon U-Pb age data (126.1-126.5 Ma; Fig. 2 ) indicate an Early Cretaceous bimodal volcanism in the western NCC. Such a close association of basalt and rhyolite in time and space offers convincing evidence that these rocks are different products of the same thermal/magmatic event, which must have lasted for at least ∼26 Myrs. (Fig. 4) , and this is also the case between SiO 2 and Sc, V, Mn, Co (not shown), consistent with clinopyroxene and Fe-Ti oxides as the dominant liquidus minerals at this stage. Olivine crystallization is inferred to be absent at this stage due to the low MgO (1.84-4.21 wt%), low Ni contents (15.14-52.11 ppm) and especially no obvious evolution trend between MgO and Ni. Note that crustal contamination is inferred to be insignificant for these basaltic melts en route to the surface due to the absence of crustal contamination character of obvious negative Nb-Ta anomalies and negative relationships between Th/Nb (or U/Ta) and ε Nd (t) (or ε Hf (t)) as previously discussed . In this case, the enrichment of K, Ba, and Pb in these mafic rocks (Fig. 5b ) is inferred to be most probably inherited from the source region.
Petrogenesis of the basalts
In general, the asthenosphere is distinct from the lithospheric mantle owing to their different rheology and history. The asthenospheric mantle is hot and convective and has a depleted incompatible element and isotopes compositions due to the circulation of incipient melts from low degrees partial melting. Thus, magmas derived from the asthenospheric mantle, e.g., the mid-ocean ridge basalts, are characterized by low 87 Sr/ 86 Sr and high ɛ Nd and ɛ Hf (Zindler and Hart, 1986 Sr(t) and low ɛ Nd (t) and ɛ Hf (t) because of its low-F melt metasomatism history and long isolation from the convective mantle. In the case of mafic rocks from the Yinshan Block, they generally exhibit variably high 87 Sr/ 86 Sr(t) and low ɛ Nd (t) and ɛ Hf (t) relative to the primitive mantle (Fig. 6) , with an obvious ε Nd (t)-Sm/Nd trend (Fig. 8a) , and rough 87 Sr/ 86 Sr(t)-Rb/Sr (not shown) and ε Hf (t) − Lu/Hf (not shown) trends, consistent with the explanation that the isolated lithospheric mantle is ancient enough so as to accumulate radiogenic isotopes. The mafic rocks are highly enriched with high [La/ Sm] N = 2.75-3.73 (with an average of 3.26 for N = 11), together with the more enriched character in the progressively more incompatible elements (Fig. 5b) , suggesting that the source region had undergone a prior low mass fraction (low-F) melt enrichment or mantle metasomatism (Niu and O'Hara, 2003; Niu et al., 2012) . The obvious positive correlation between ε Nd (t) and Sm/Nd (Fig. 8a) , and negative correlation between ε Nd (t) and La/Sm further indicate the occurrence of ancient 'metasomatism', which is also consistent with the explanation by Tang et al. (2008) . The highly varied initial Sr-Nd-Hf isotopic compositions here strongly indicate a long-time and complex metasomatism history of the lithospheric mantle. Note that the Th-U display striking trough in the primitive mantle normalized multi-element spidergram (Fig. 5b) , which most probably results from contribution of metasomatic vein amphiboles because Nb-Ta-rich amphiboles in mantle peridotites have very conspicuous Th-U anomalies as shown in Fig. 5 (Ionov and Hofmann, 1995) .
In summary, all the elemental and Sr-Nd-Hf isotope characteristics indicate that the basalts from the Yinshan Block were derived from partial melting of ancient metasomatized lithospheric mantle.
Petrogenesis of the rhyolites
Two main hypotheses have been proposed to explain the genesis of felsic end-member in bimodal magmatism (Niu et al., 2013) : (1) A genetic relationship between mantle derived mafic and felsic rocks through fractional crystallization processes; (2) The felsic melts are generated either from the anatexis of crustal rocks or from partial melting of young underplated basalts.
Despite the similar emplacement age of the mafic and felsic volcanism, and the expected first order evolution trends from mafic to felsic in SiO 2 variation diagrams (Fig. 4) , the obvious distinctions in NdHf isotopic compositions (Fig. 6b) and ratios of element pairs with similar incompatibility (e.g., Nb/Th and Ta/U; Fig. 9 ) preclude the possibility of direct fractionation from mantle-derived mafic magmas to felsic magmas. Alternatively, these felsic rocks are highly enriched in incompatible elements, especially Nb-Ta for several samples (see Fig. 5d ), inconsistent with the lower continental crust as the ultimate source. Thus, partial melting of the NCC lower crust alone also cannot explain the origin of these felsic rocks. In this case, hybridization between crustal anatectic granitic melts and mantle-derived mafic magmas is invoked here to account for the generation of magmas parental to the rhyolites (Figs. 5-6, and 9) . A simple mixing calculation using Nd-Hf isotope is conducted here to evaluate the relative contribution of the crustal materials. In the calculation, we assume the average composition of basalts in this study as the mantle-origin-melt end-member. For easy understanding in concept, the sample GY14-02 with the most negative Nb-Ta anomalies is assumed here to be the crust-origin-melt end-member, despite the lower crust of the NCC is highly heterogeneous (Jiang et al., 2013) . The result indicates that ∼35-60% mantle-derived alkaline basaltic melts and ∼40-65% crustal anatectic granitic melts have been involved to produce the observed geochemical composition of the rhyolites (Fig. 8b) . However, the mixing between mantle-derived alkaline basaltic melts (< 52 w.t.% SiO 2 ) and crustal anatectic granitic melts (> 65 w.t. % SiO 2 ) would generate andesitic melts with SiO 2 < 65 w.t.%, which is inconsistent with the observed rhyolites composition with SiO 2 > 65 w.t.%, very low Cr (0.97-2.11 ppm) and Ni (0.22-1.43 ppm) ( Table 2 ). In this case, the mixed magmas must have experienced high degree of fractional crystallization. The low Cr and Ni here might be related to the fractionation of clinopyroxene at the earlier stage. The significant Ba-Sr-Eu troughs on the multi-element spidergram (Fig. 5d ) in rhyolites is a straightforward consequence of plagioclase-dominated fractionation, because plagioclase is the only known phase that can simultaneously and effectively fractionate Ba, Eu and Sr from other elements (Kd Sr ≫ 1, Kd Eu ≫ 1, Kd Ba ≫ 1; Niu and O'Hara, Sun and McDonough (1989) . For comparison, average present-day ocean island basalts (OIBs) (Sun and McDonough, 1989 ) and the average NCC crust (Gao et al., 1998b) are plotted. We also plot the mantle amphibole data (Ionov and Hofmann, 1995) on the diagram (b) to illustrate the potential mantle amphibole contributions to the source region of the mafic rocks.
GY14-36
GY14-03 GY14-30 GY14-32 Fig. 6 . Sr, Nd and Hf isotope compositions of the Early Cretaceous volcanic rocks from Yinshan Block. Also shown are the published Sr-Nd-Hf isotope data of Cenozoic basalts and Mesozoic basalts from Eastern China (Zhang et al., 2002 (Zhang et al., , 2003 Fan et al., 2001; Liu et al., 2008; Gao et al., 1998a,b; Yang and Li, 2008; Ling et al., 2009; Tang et al., 2013; Liu et al., 2014; Zhou et al., 2015; Meng et al., 2015; Guo et al., 2016) . Reference Terrestrial Array (ε Hf = 1.36ε Nd + 2.95) is after Vervoort and Blichert-Toft (1999) . The lower crust region is from Jiang et al. (2013) . A simple mixing between mantle-derived alkaline basaltic melts and crustal anatectic granitic melts have been calculated using Nd-Hf isotope. The assumed basaltic endmember is our averaged mafic samples (Nd = 46.62 ppm, Hf = 7.29 ppm, ε Nd (t) = −9.73, ε Hf (t) = −8.31), while the felsic end-member is assumed using the Nb-Ta most depleted sample GY14-02 (Nd = 28.48 ppm, Hf = 4.91 ppm, ε Nd (t) = −17.11, ε Hf (t) = −18.6).
2009). Furthermore, crystallization of K-feldspar at the trachytic stage and thereafter will strengthen these Ba, Eu and Sr depleted characteristics . Fig. 7 Sr ratios in the highly evolved rhyolites in this study.
Implication for reworking of lower continental crust of the North China Craton
The Early Cretaceous volcanism is widespread in East China as studied by many (Zhang et al., 2002 (Zhang et al., , 2003 Fan et al., 2001; Liu et al., 2008; Gao et al., 1998a,b; Yang and Li, 2008; Xu et al., 2008 Xu et al., , 2013 Ling et al., 2009; Tang et al., 2013; Liu et al., 2014; Zhou et al., 2015) . The Mesozoic bimodal volcanic rocks have also been reported in East China, for example in the Hainan Island and Jiaozhou basin (Fan et al., 2001; Ling et al., 2009; Zhou et al., 2015) . The close spatial and temporal association of these Early Cretaceous volcanism is the convincing evidence that they are results of the lithosphere thinning (Niu, 2005 (Niu, , 2014 . What we emphasize here is that our petrogenetic model of these volcanic rocks from the Yinshan Block might be of general significance for all the early Cretaceous bimodal suites in eastern China, in which basaltic magmatism resulted from partial melting of lithospheric mantle, while the felsic rocks were produced through continental crust anatexis induced by the underplating basaltic magma (see Niu et al., 2015) . Such a model better explains the origin of the 'Daly Gap' in those alkaline volcanic rocks in an intra-plate setting.
Because the felsic magmatism is widespread as well as the basaltic volcanism, and because the felsic magmatism is considered as the result of anatexis at crustal levels (see above), we thus propose that the extraction of these felsic melts from the crustal source region is a possible process that thinned the deep crust of East China. Apart from the felsic volcanism mentioned above, the observation that the large scale of Yanshanian granitoids distributed in NE-SW direction is also the evidence that the anatexis at crustal levels occurred widespread throughout East China .
We use a cartoon to illustrate the petrogenesis of the bimodal volcanism in the Yinshan Block (Fig. 10) . The basaltic magmas were produced by partial melting of ancient metasomatized mantle lithosphere through basal hydration, in which the water released from the stagnant Paleo-Pacific slab (see Niu, 2005 Niu, , 2014 for details). These basaltic magmas migrated upward and erupted onto the surface, and the mafic rocks from the Yinshan Block represent evolved magmas derived from metasomatized ancient lithospheric mantle. However, with large scale of basaltic magma underplating, anatexis at the crustal level would be inevitable. The underplating basaltic magma not only provided the heat for the anatexis, but also contributed materials. The subsequent plagioclase (also K-feldspar to a less extent) crystallization resulted in the depletion of Ba, Sr, Eu, and thus extremely radiogenic Yinshan Block gives eruption ages of 107-133 Ma, while the zircon SHIRMP U-Pb dating of the rhyolites gives an emplacement age of ∼126 Ma. (2) Magmas parental to the basaltic rocks were originated from partial melting of ancient metasomatized sub-continental lithospheric mantle, whereas melts parental to the rhyolites were produced by mixing of mantle-derived alkaline mafic melts and lower crust anatexis derived felsic melts. (3) Protracted plagioclase crystallization played dominant roles during the evolution of the rhyolitic melts, which depletes Ba, Sr and Eu in the residual melts with diminishing Eu/Eu * values. The very high Rb/Sr ratio explains the extremely radiogenic Sr isotopes in the rhyolitic rocks, giving a significant isochron age. (4) The occurrence of the early Cretaceous bimodal magmatism in the Yinshan Block confirms our previous proposal that the lithosphere beneath western NCC had also been thinned. (5) Basaltic magmas underplating caused the lower crust anatexis, resulting in lower crust thinning in East China. This model is of general significance for the destruction of the NCC. (   Fig. 9 . Th/Nb and U/Ta against ε Nd and ε Hf diagrams to illustrate that the felsic rocks and mafic rocks were originated from different source region. Fig. 10 . Graphical description of the petrogenesis of Early Cretaceous volcanic rocks from Yinshan Block. Partial melting of an ancient metasomatized lithosphere mantle through basal hydration produced alkaline magmas in Yinshan Block, while anatexis at the crustal level induced by underplated basaltic magmas produced felsic magmas. The protracted plagioclase (also K-feldspar to less extent) crystallization results in the observed depletion of Ba, Sr, Eu, and thus very high 87 Sr/ 86 Sr.
